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Abstract
Background: The social gradient in disability pension is well recognized, however mechanisms accounting for the
gradient are largely unknown. The aim of this study was to examine the association between occupational class
and subsequent disability pension among middle-aged men and women, and to what extent work-related factors
accounted for the association.
Methods: A subsample (N = 7031) of the population-based Hordaland Health Study (HUSK) conducted in 1997-99,
provided self-reported information on health and work-related factors, and were grouped in four strata by Erikson,
Goldthorpe and Portocareros occupational class scheme. The authors obtained follow-up data on disability pension
by linking the health survey to national registries of benefit (FD-trygd). They employed Cox regression analysis and
adjusted for gender, health (medical conditions, mental health, self-perceived health, somatic symptoms) and work-
related factors (working hours, years in current occupation, physical demands, job demands, job control).
Results: A strong gradient in disability pension by occupational class was found. In the fully adjusted model the
risk (hazard ratio) ranged from 1.41 (95% CI 0.84 to 2.33) in the routine non-manual class, 1.87 (95% CI 1.07 to 3.27)
in the skilled manual class and 2.12 (95% CI 1.14 to 3.95) in the unskilled manual class, employing the administrator
and professional class as reference. In the gender and health-adjusted model work-related factors mediated the
impact of occupational class on subsequent disability pension with 5% in the routine non-manual class, 26% in the
skilled manual class and 24% in the unskilled manual class. The impact of job control and physical demands was
modest, and mainly seen among skilled and unskilled manual workers.
Conclusions: Workers in the skilled and unskilled manual classes had a substantial unexplained risk of disability
pension. Work-related factors only had a moderate impact on the disability risk. Literature indicates an
accumulation of hazards in the manual classes. This should be taken into account when interpreting the gradient
in disability pension.
Background
Being employed contrary to unemployed is highly valued
in modern society and it is associated with good health
[1]. However, among those employed, the risk of exclusion
from working life as a result of disability pension varies
considerably by education, occupation and income. Com-
pared with the extensive body of literature concerning the
social gradient in health, studies addressing the gradient in
disability pension are limited but the findings are consis-
tent. Non-medical factors such as social background from
childhood, low level of education, low occupational status
and low income seem to be strong determinants of disabil-
ity pension in both genders [2-5].
Differences in work-related exposure levels between
occupational classes are well recognised [6-9]. Niedham-
mer et al. [7] found a strong gradient by occupational class
when examining exposure levels for adverse physical, ergo-
nomic and chemical working environments. As regards
the psychosocial working environment, a low level of job
control was frequently reported in both non-manual and
manual classes, while high job demands were more
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However, high exposure levels in the work environment
do not necessarily predict future disability pension.
A review by Allebeck & Mastekaasa [10] found limited
scientific evidence for the impact of physically demanding
work on disability pension and moderate evidence for low
job control. More recent studies report that both low job
control and high physical demands are associated with
subsequent disability pension [11-13]. In addition, part-
time work, high work-unit aggregated job strain, unfavour-
able ergonomic and physical working environment and
shift work have been added to the list of risk factors
[14-17].
A limited number of longitudinal studies have employed
the Erikson, Goldthorpe and Portocareros occupational
class scheme (EGP scheme) when examining social differ-
ences in disability pension [4,5]. The EGP scheme is con-
structed by combining information on occupation,
employment, education (skilled versus unskilled), industry
(manual versus non-manual) and size of company [6], and
has been recommended by the World Health Organization
(WHO) to overcome differences in classification between
studies of different populations [18]. Employing the EGP
scheme, Krokstad et al. [4] found a strong gradient in dis-
ability pension by occupational class, and that low job con-
trol and manual work increased the risk in all classes.
However, research within this field is scarce. There is a
need for prospective, population based studies that exam-
ine the mediating role of work-related factors in the rela-
tion between occupational class and disability pension.
The present study has two aims: first, to examine the
association between occupational class (EGP scheme) and
subsequent disability pension in a middle-aged Norwegian
population and second, to examine the extent to which
work-related factors account for this association.
Methods
Population and data material
The Hordaland Health Study (HUSK) was conducted dur-
ing the period 1997-1999 in Hordaland County in western
Norway. HUSK was a collaboration between the National
Health Screening Service, the University of Bergen and
local health services. The study population included all
individuals living in Hordaland County born during the
period 1953-1957 (29,400), aged 40-45 years at the time of
the health study. A total of 8,598 men and 9,983 women
participated, yielding a participation rate of 57% for men
and 70% for women, and 63% in total. Data collection was
performed in two steps. Firstly, all participants underwent
a physical health examination and completed a self-admi-
nistered questionnaire. Secondly, the participants were
randomised in four equal groups (two male and two
female groups). Each of these groups was given a gender-
specific questionnaire.
The sub-sample used in the current study (3,548 men
and 5,348 women) answered a questionnaire containing
the Swedish Demand-Control-Support Questionnaire
(DCSQ) [19].
We included participants with valid scores on the
demand and control subscales in DCSQ who reported
more than 100 paid working hours during the preceding
year (n = 7244). This procedure led to an exclusion of
1,652 participants. Further, self-employed farmers and
agricultural labourers were excluded due to limited num-
bers (n = 201). Finally, individuals awarded disability pen-
sions in the period from participation in HUSK and
12 months ahead were excluded (n = 12). In total we
excluded 1865 (21%) participants, 613 (17%) men and
1,252 (23%) women. The total study sample consists of
7,031 individuals (2,935 men and 4,096 women), i.e. 79%
of the sub-sample who answered the DCSQ.
Outcome
The outcome was the awarding of disability pension dur-
ing follow-up, from one year after participating in the
heath survey (HUSK) until the end of 2004. Using perso-
nal ID numbers, which are issued to all Norwegians at
birth, the health survey was linked to national benefit
registers (FD-trygd) by Statistics Norway. The registers
contain records of monthly payments of disability pen-
sion, and the accuracy is well documented [20]. For all
disability pensioners, the time interval between the date
of participation in HUSK and the date of the disability
pension award was calculated. A wash-out period of
12 months after the date of participation was established
in order to eliminate report bias as a result of participants
already being in the process of applying for a disability
pension.
Occupational class
The Erikson, Goldthorpe and Portocareros social class
scheme (EGP scheme) [21] was used to classify partici-
pants into occupational classes. The EGP scheme has
achieved a high degree of comparability when applied in
order to measure morbidity differences by occupational
class in different European countries [22]. In the current
study, self-reported information on branch of industry
and occupation/occupational title was manually con-
verted into four-digit codes based on the International
Standard Classification of Occupations, ISCO-88 (COM)
[23]. Using an internationally applicable algorithm by
Ganzeboom and Treiman [24], ISCO codes were firstly
recoded into a seven-class EGP scheme [6,22]. The seven
classes were: higher administrators and professionals (I),
lower administrators and professionals (II), routine non-
manual workers (III), skilled manual workers (V+VI),
unskilled manual workers (VIIa), self-employed farmers
(IVc), and agricultural labourers (VIIb). Secondly, skilled
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ing to their educational level. Workers reporting lower
secondary school or lower (≤10 years) as their highest
educational levels were classified as unskilled, and the
rest were classified as skilled [24]. In addition, we chose
to merge higher and lower administrators and profes-
sionals (I+II) and excluded self-employed farmers (IVc)
and agricultural labourers (VIIb) due to limited numbers.
The four occupational classes used are shown in Table 1.
Work-related factors
Experience of job demands and job control were measured
using the Swedish Demand-Control-Support Question-
naire (DCSQ) [19], a 17-item questionnaire developed by
Theorell [25] based on the Demand-Control model [26].
The demand subscale has five items, four of which mea-
sure level of work pace (whether the job requires you to
work very fast, very hard, with too great effort, and
whether you have sufficient time), while one measures
occurrences of conflicting demands. The control subscale
has four items measuring the level of skill discretion
(whether your have an opportunity to learn new things, be
creative and utilise skills and competence) and two items
measuring decision authority (the authority to decide what
work should be carried out and how). Because of a transla-
tion error when translating the Swedish version of the
questionnaire into Norwegian, the control item addressing
competence had to be excluded in the analyses. However,
the psychometric properties of the 16-item Norwegian
version of the DCSQ are found to be satisfactory, also in
groups with low education [19].
In multivariate analyses, mean scores for the demand
and control subscales were categorised into five groups
(the 20
th,4 0
th,6 0
th and 80
th percentiles) to pick up the
underlying variation. The lowest percentile (20
th)r e p r e -
sents low demand and high control, respectively.
Physical demands at work were self-reported in four
categories (sedentary, walking, walking and lifting, heavy
manual work) [27]. The number of paid working hours
per week were categorised into four groups (> 40, 37-40,
20-36, < 20 hours), and years in current occupation into
five groups (< 5, 5-10, 11-15, 16-20, > 20 years).
The distribution of work-related factors by occupa-
tional class was categorised as mean scores in tertiles on
the subscales of job demand and job control, where the
highest tertile was used to characterise high demands by
occupational class and low control by occupational
class. Tertiles were employed due to an empirical testing
of the relation between the cumulative incidence of dis-
ability pension and levels of job demands and job con-
trol. For control we found a substantial increase in
disability pension equivalent with the highest tertile. For
demands the increase was limited.
Physical demands were dichotomised into low level
(sedentary and walking) and high level (walking/lifting
and heavy manual work), the number of paid working
hours per week into part-time (< 37 hours) and full-
time (≥37 hours), and years in current occupation into
more or less than the mean years (≤14 years and >
14 years).
Health
Somatic diagnoses were assessed by self-reported occur-
rence of coronary infarction, stroke, diabetes, asthma,
multiple sclerosis, chronic bronchitis, osteoporosis and
fibromyalgia. Information about the number of somatic
diagnoses was computed as a continuous variable.
Further information about somatic conditions was
obtained by assessing whether the participants had used
any medication the previous day, and, if so, for which
condition. Based on this information, an appropriate
ICPC diagnosis was made by a team of physicians. A con-
tinuous variable indicating the number of somatic condi-
tions for which the person was taking medication was
then established [28].
Mental health was assessed by the Hospital Anxiety
and Depression Scale (HADS) [29].
Scores were used as continuous variables reflecting the
symptom load of anxiety and depression [29].
Self-perceived physical and mental health status was
measured by the self-report Short Form-12 (SF-12) [30].
This shorter version of the SF-36 is recommended for
large population surveys such as HUSK [30]. Weighted
summation provides summary scores for perceived mental
Table 1 Distribution of participants, incidence of disability pension awards, total and stratified by gender
Disability pension
Occupational class Total n (%) Men n (%) Women n (%) Total n (%) Men n (%) Women n (%)
p < 0.001* p = 0.003* p < 0.001*
Administrators and professionals 2393 (34.0) 1442 (49.1) 951 (23.2) 32 (1.3) 17 (1.2) 15 (1.6)
Routine non-manual workers 2492 (35.4) 444 (15.1) 2048 (50.0) 73 (2.9) 9 (2.0) 64 (3.1)
Skilled manual workers 1535 (21.8) 780 (26.6) 755 (18.4) 62 (4.0) 23 (2.9) 39 (5.2)
Unskilled manual workers 611 (8.7) 269 (9.2) 342 (8.3) 42 (6.9) 11 (4.1) 31 (9.1)
Total 7031 (100) 2935 (100) 4096 (100) 209 (3.0) 60 (2.0) 149 (3.6)
*c
2 for differences between groups.
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questions in SF-12, eight assess the level of limitations due
to perceived mental or physical health. The measurement
has been standardised in accordance with the US norm
data [30] with a mean score of 50 (SD 10). Somatic symp-
tom load was estimated by asking participants about the
presence of 17 commonly experienced symptoms from
different organ systems [31]. Answers on a five-point
Likert scale were summed up and used as a continuous
variable, with increasing levels reflecting a higher symptom
load [29].
Analysis
Differences in the distribution of disability pension by
occupational class, disability pension by work-related fac-
tors and work-related factors by occupational class were
tested using Chi-square tests. Potential gender differ-
ences were examined by performing stratified Chi-square
tests.
Cox proportional hazards models were employed to
estimate the relationship between occupational class and
subsequent disability pension. The administrators and
professionals were used as reference group, and the
results are presented as gender-adjusted hazard ratios
(HR) with 95% confidence intervals (CIs).
The regression analyses were conducted stepwise, and
both separate and cumulative adjustments were per-
formed. In the cumulative model, the variables were added
in a predefined order. Firstly, health variables were intro-
duced to avoid overestimation of the mediating effect of
work-related factors introduced later in the model. Health
variables were introduced en bloc (somatic diagnosis,
somatic conditions based on medication use, mental
health, self-perceived health and somatic symptoms). Sec-
ondly, we adjusted for years in current occupation and
thirdly, working hours per week. In a forth step, we added
physical demands, thereafter job demands and, finally, job
control.
The impact (%) of each work-related factor (or set of
factors) on the occupational gradient in disability pension
represents the change in HR when extending the model
with a new variable. The following formula was used:
(HR extended -H Rinitial)/HR initial *100. In separate adjust-
ments, the initial model is the gender-adjusted one. In
cumulative adjustments, the initial model is the step pre-
ceding each extended step.
The analyses were performed using SPSS 15.0 for
Windows.
Ethical approval
The study protocol was approved by the Regional Com-
mittee for Medical Research Ethics, Western Norway
and by the Norwegian Data Inspectorate. Written
statements of informed consent were gathered from all
the participants in the current study at the time of the
physical health examination.
Results
Among the participants, men were most likely to work
as administrators and professionals, and women in occu-
pations classified as routine non-manual. Only small
gender differences were seen among skilled and
unskilled manual workers (Table 1).
A total of 209 (2.9%) of the participants were awarded
a disability pension during follow-up. For both genders,
the cumulative incidence of disability pension increased
from the administrators and professionals to the
unskilled manual workers (Table 1). The differences in
disability pension between the occupational classes were
significant for both men and women.
Low job control and high physical demands were most
often reported among skilled and unskilled manual work-
ers and least often among administrators and profes-
sionals, while high job demands showed a slightly inverse
distribution (Table 2). For all work-related factors, the dif-
ferences in distribution by occupational class were signifi-
cant (Table 2).
Work-related factors and disability pension
Decreasing levels of job control and increasing levels of
physical demands were related to a higher incidence of
disability pension, while increasing levels of job demands
were not (Table 3). Fewer working hours per week was
also associated with a higher incidence of disability pen-
sion. The differences in the incidence of disability pension
between strata of job control, physical demands and work-
ing hours per week were significant for both genders. The
association between increasing years in current occupation
and higher rates of future disability pension was significant
for men only.
Risk of disability pension by occupational class
The risk (HR) of disability pension by occupational class
followed an occupational gradient in all steps of the regres-
sion analyses (cumulative adjustments, Table 4). In the
fully adjusted model, skilled and unskilled manual workers
had twice as high risk of subsequent disability pension than
administrators and professionals (table 4). The reduction in
hazard ratios from the gender-adjusted model to the fully
adjusted model was 20% for non-manual workers, 35% for
skilled manual workers and 55% for unskilled manual
workers. Adjusting for health in the first step led to a 42%
reduction in hazard ratio among unskilled manual workers,
and a smaller reduction in the remaining classes.
We found no interaction effects between gender and
occupational class (p > 0.05).
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disability pension
The combined impact of work-related factors, i.e. from the
gender and health-adjusted model to the final model, was
5% for non-manual workers, 26% for skilled manual work-
ers and 24% for unskilled manual workers (cumulative
adjustments, Table 4).
In the separate adjustment model, job control mediated
the impact of occupational class on disability pension by
14% among non-manual workers, 21% among skilled
manual workers and 29% among unskilled manual work-
ers (Table 4). In the cumulative model, (final step) the
impact was reduced to 7% among non-manual workers,
15% among skilled manual and 18% among unskilled
manual workers (Table 4). In the separate adjustment
model, physical demands accounted for 6% of the reduc-
tion in disability risk among routine non-manual work-
ers, 22% among skilled manual workers and 17% among
unskilled manual workers. When physical demands were
introduced in the cumulative model (step 5), the impact
decreased to 4% among non-manual workers and 13-14%
among manual workers. Years in current occupation
mainly influenced the disability risk among skilled man-
ual workers (10%), but less impact was seen when
entered in the cumulative model (step 3). Working hours
per week had no impact in the separate model, but
caused a slight increase in the hazard ratios in the cumu-
lative model (step 4). Job demands increased the hazard
ratio in the non-manual and manual classes, but in the
cumulative model the impact was insignificant.
Discussion
Main results
We found substantial differences in disability pension by
occupational class, with a twofold risk of subsequent
disability pension among skilled and unskilled manual
workers compared with administrators and professionals.
The excess risk was found after adjusting for health and
work-related factors. Work-related factors had a moder-
ate impact on the risk of disability pension among skilled
and unskilled manual workers and a limited impact
among workers in routine non-manual occupations.
Strengths
T h ep r e s e n ts t u d yw a sb a s e do nal i n k a g eb e t w e e nt h e
Hordaland Health Study Cohort and the National Insur-
ance Administrations records of disability pension
awarded to Norwegian inhabitants from 1992 onwards.
The register is complete, accurate and independent of
exposure data obtained in the Hordaland Health survey.
The study thus avoids the problem of attrition. The study
design excluded individuals awarded disability pension up
to 12 months after baseline, thus decreasing the risk of
biased information from participants in the process of
being awarded disability pension [1]. The follow-up period
was one to seven years, a period without major changes in
Norwegian disability policy with the potential to alter the
cumulative incidence by occupational class. Moreover,
new incidences of awards in this age group have been rela-
tively stable during this period. With respect to health and
work-related factors, most of them were measured using
questionnaires with well-documented psychometric prop-
erties. Self-reported exposure data at baseline were col-
lected without participants or administrators being aware
of future research hypotheses.
Limitations
There are some limitations to our study. First, healthy
worker selection in manual occupations may have
caused an underestimation of the disability pension risk.
Table 2 Distribution of work-related factors by occupational class, stratified by gender
Work-related factors
Part-time work
a Years in current
occupation
b
High physical
demands
c
High job demands
d Low job control
e
Men Women Men Women Men Women Men Women Men Women
Occupational class (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
p<
0.001*
p<
0.001*
p<
0.001*
p=
0.001*
p<
0.001*
p<
0.001*
p<
0.001*
p<
0.001*
p<
0.001*
p<
0.001*
Administrators and
professionals
(6.3) (35.0) (58.9) (47.5) (7.9) (10.6) (47.9) (45.1) (19.6) (22.0)
Routine non-manual workers (13.5) (50.8) (52.6) (46.3) (12.0) (18.4) (39.9) (34.9) (37.6) (49.4)
Skilled manual workers (17.7) (73.6) (71.8) (48.3) (51.5) (59.4) (29.9) (32.1) (46.3) (62.3)
Unskilled manual workers (15.8) (69.7) (71.4) (35.8) (58.3) (46.0) (35.3) (30.1) (62.8) (80.7)
* c
2 for differences between groups.
a Less than 37 hours per week.
b More than 14 years (mean) in current occupation.
c Walking/lifting and heavy manual work.
d Highest tertile of mean scores in tertiles, on demand sub-scale.
e Highest tertile of mean score in tertiles, on control sub-scale.
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among individuals with a low educational level and low
income [32]. This may have caused a variation in the
response rate across occupational classes and may have
biased the strata comparability. A previous study of the
HUSK population also found poorer health status
among non-participants in the health survey, which may
further increase the healthy worker selection effect [33].
Third, the health study provided little information
about exposure linked to specific occupations. Informa-
tion of this kind may have contributed to explaining
more of the work-related disability risk among manual
workers [13,16].
Furthermore, events during follow-up that may have
influenced the outcome, such as a job change or sudden
health problems, were not controlled for. As regards job
changes, workers reporting the most unfavourable work-
ing conditions (unskilled manual workers) could be
expected to be more inclined to change jobs than their
colleagues. Although a change of job is possible, it is
less likely that this has led to a change in occupational
class. Changing jobs within an occupational class could
alter the experience of work-related factors, but prob-
ably not substantially.
Moreover, the EGP scheme has been criticised for not
being adapted to major changes in class structure,
including the rapid growth in female work participation
[34]. In our study, half of the female participants and
only a small proportion of the men were classified as
routine non-manual workers. Although heterogeneous
Table 3 Distribution of participants and incidence of disability pension in strata of work-related factors.
Disability pension
Total Men Women
Work-related factors n (%) n (%) n (%) n (%)
Working hours per week p < 0.001* p < 0.001* p = 0.034*
> 40 576 (8.2) 11 (1.9) 8 (1.8) 3 (2.3)
37-40 3825 (56.3) 88 (2.3) 33 (1.6) 55 (3.2)
20-36 1949 (28.7) 73 (3.7) 11 (3.8) 62 (3.7)
< 20 440 (6.5) 30 (6.8) 5 (16.1) 25 (6.1)
Years in current occupation p = 0.241* p = 0.017* p = 0.266*
< 5 1198 (17.6) 26 (2.2) 6 (1.6) 20 (2.4)
5-10 1130 (16.6) 37 (3.3) 6 (1.6) 31 (4.1)
11-15 1266 (18.6) 40 (3.2) 7 (1.4) 33 (4.4)
16-20 1693 (24.9) 46 (2.7) 10 (1.3) 36 (3.8)
> 20 1507 (22.2) 54 (3.6) 29 (3.4) 25 (3.7)
Physical demand p < 0.001* p < 0.001* p < 0.001*
Mainly sitting 2987 (45.3) 53 (1.8) 21 (1.4) 32 (2.1)
Sitting and standing 1946 (29.5) 57 (2.9) 10 (1.6) 47 (3.5)
Walking and lifting 1504 (22.8) 73 (4.9) 18 (3.5) 55 (5.6)
Hard manual work 151 (2.3) 8 (5.3) 8 (5.8) 0 0
Job demand p = 0.213* p = 0.754* p = 0.211*
1 (low level) 1030 (14.6) 23 (2.2) 6 (1.8) 17 (2.5)
2 1377 (19.6) 33 (2.4) 8 (1.4) 25 (3.1)
3 1057 (15.0) 35 (3.3) 10 (2.3) 25 (4.0)
4 1798 (25.6) 56 (3.1) 18 (2.3) 38 (3.8)
5 (high level) 1769 (25.2) 62 (3.5) 18 (2.3) 44 (4.5)
Job control p < 0.001* p = 0.024* p < 0.001*
1 (high level) 1173 (16.7) 21 (1.8) 10 (1.6) 11 (2.0)
2 948 (13.5) 11 (1.2) 6 (1.3) 5 (1.0)
3 1964 (27.9) 37 (1.9) 12 (1.4) 25 (2.3)
4 859 (12.2) 40 (4.7) 11 (3.4) 29 (5.4)
5 (low level) 2087 (29.7) 100 (4.8) 21 (3.2) 79 (5.5)
*c
2 for differences between groups.
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Work-related factors
Separate adjustments Gender only Health
a Years in current
occupation
Working hours
per week
Physical demands Job demands Job control
Occupational class HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI
Administrators and professionals 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Routine non-manual workers 1.76 (1.15-2.71) 1.49 (0.95-2.36) 1.73 (1.12-2.67) 1.74 (1.11-2.72) 1.65 (1.05-2.59) 1.86 (1.21-2.87) 1.51 (0.96-2.35)
Skilled manual workers 2.86 (1.86-4.38) 2.53 (1.60-3.98) 2.58 (1.66-3.99) 2.88 (1.84-4.50) 2.24 (1.38-3.63) 3.08 (2.00-4.73) 2.26 (1.44-3.55)
Unskilled manual workers 4.76 (3.00-7.55) 2.78 (1.65-4.68) 4.71 (2.95-7.51) 4.74 (2.93-7.67) 3.93 (2.35-6.57) 5.20 (3.26-8.28) 3.39 (2.07-5.56)
Cumulative adjustments Gender only + health
a Years in current
occupation
b
+ Working hours
per week
c
+ Physical demands
d + Job demands
e + Job control
f
Administrators and professionals 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Routine non-manual workers 1.76 (1.15-2.71) 1.49 (0.95-2.36) 1.55 (0.98-2.46) 1.58 (0.98-2.54) 1.51 (0.93-2.45) 1.52 (0.93-2.47) 1.41 (0.84-2.33)
Skilled manual workers 2.86 (1.86-4.38) 2.53 (1.60-3.98) 2.44 (1.53-3.87) 2.57 (1.58-4.17) 2.21 (1.30-3.76) 2.20 (1.29-3.74) 1.87 (1.07-3.27)
Unskilled manual workers 4.76 (3.00-7.55) 2.78 (1.65-4.68) 2.78 (1.64-4.71) 2.95 (1.71-5.09) 2.57 (1.43-4.62) 2.60 (1.44-4.67) 2.12 (1.14-3.95)
Hazard ratios (HRs) and 95% CIs from Cox regression models adjusted for gender.
a Adjusted for gender and health (somatic diagnosis, somatic conditions based on medication use, mental health, self-perceived health and somatic symptoms).
b Adjusted for gender, health and years in current occupation.
c Adjusted for gender, health, years in current occupation and working hours per week.
d Adjusted for gender, health, years in current occupation, working hours per week and physical demands.
e Adjusted for gender, health, years in current occupation, working hours per week, physical demands and job demands.
f Adjusted for gender, health, years in current occupation, working hours per week, physical demands, job demands and job control.
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in this class is employed in the public sector and per-
forms interactive service work. However, the heteroge-
neity could conceal sub-class differences in health and
disability pension.
Further, the list of somatic diagnosis is restricted, and
am o r ee x t e n s i v el i s tm a yh a v ei n c r e a s e dt h ei m p a c to f
health in the regression analyses.
Finally, baseline data on health and work-related factors
are cross-sectional, which prevents us from testing causal-
ity between work-related factors and health on the path to
disability pension. Introducing work-related factors in a
health-adjusted model probably underestimates the impact
of work-related factors on disability pension, since such
factors may cause health problems.
Interpretation of the disability gradient
Health selection
Childhood medical history can contribute to occupa-
tional stratification and also influence recruitment to
disability pension [35]. In the present study, health had
a substantial impact on the risk of disability pension
among unskilled manual workers, indicating a relation-
ship between prior health condition and the position as
unskilled in the labour market. This may further con-
found the association between occupational class and
disability pension. On the other hand, hazards in the
working environment most prevalent in manual occupa-
tions could mediate the impact of occupational class on
subsequent disability pension [11,13,16].
The occupational gradient could also be explained by
health-selective mobility. However, studies indicate that
mobility between classes serves more to dilute health
differences than to heighten them [36]. This dilution
m a ya r i s eb e c a u s et h er i s ko fi l l n e s si n‘the class of ori-
gin’ seems to follow a person to ‘the class of destination’
[37].
Incentive hypothesis
The incentive hypothesis states that individuals voluntarily
decide to leave the labour market because the alternative
of social benefits is perceived as equal to or more gainful
than work [38]. In Norway, benefit levels are high, while
differences in income across occupational classes are mod-
erate. For unskilled workers with low income, a relatively
high compensation rate could influence thresholds for
considering disability pension as a solution to health pro-
blems, and thereby influence the gradient.
The impact of job control
The association between job control and subsequent dis-
ability pension has been found in population-based stu-
dies and studies of industry, as well as of specific
occupations [9,11,16,39,40]. In a population-based study,
decision authority accounted for 10-13% of disability
pension cases in both genders after adjusting for age,
smoking, BMI and ergonomic working environment
exposure [11]. Furthermore workers in the construction
i n d u s t r yw h or e p o r t e dl o wj o bc o n t r o lh a das i g n i f i -
cantly increased risk (odds ratio = 1.86) of receiving dis-
ability pension [16]. Among nurses, low influence at
work was associated with subsequent disability pension
in a model adjusting for income [40]. However, contra-
dictory findings have also been reported [41-43]. In a
population-based cohort study, no support was found
for the impact of decision authority on subsequent dis-
ability pension [41].
In the present study, we found that job control had a
moderate impact on the occupational gradient in disability
pension. Considering the high proportion of manual work-
ers who reported low control, the relatively modest impact
on subsequent disability pension was surprising. One
explanation may be that the theoretical basis for Erikson,
Goldthorpe and Portocareros’ occupational class scheme
is the neo-Weberian tradition. In this tradition, one criter-
ion for distinguishing between occupations was authority
and control in the work process [6]. Considering this, it is
possible that the impact of low job control is underesti-
mated due to the occupational class scheme used in this
study.
An additional explanation is that workers in mid-life
with long service in the same branch of industry have
become familiar with a work situation characterised by
low control. In this case, the reporting of low job control
would simply be a description of how work is performed
and not signal a poor working environment that could
influence disability pension. On the other hand, consis-
tent reporting of low job control indicates a working
environment in which learning to utilise one’s own skills
and take responsibility for decisions is given little priority.
A poor learning environment at work may have a nega-
tive transfer value to other arenas of life, where learning
to achieve control is important in relation to maintaining
good health.
Moreover, low job control could influence workers’
opportunities to protect themselves against work-related
health hazards, thereby increasing the disability risk [11].
The impact of physical demands
The limited contribution of physical demands to the
occupational gradient in disability pension was even
more surprising. With few exceptions, the literature is
consistent as regards the predictive value of physically
demanding work in relation to disability pension
[9,13,16,43]. In a population-based study, Labriola et al.
[13] found that physically demanding work was signifi-
cantly associated with disability pension (hazard ratio =
1.83) after adjusting for health behaviour and psychoso-
cial work factors. Studies in industries and occupations
characterised by manual work have also found a strong
association between unfavourable ergonomic working
Haukenes et al. BMC Public Health 2011, 11:406
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Page 8 of 10conditions and disability pension [16]. A similar associa-
tion was found in nursing, a highly female-dominated
occupation [40]. However, Albertson et al. [41] did not
find any impact of physically demanding work on subse-
quent disability pension.
The limited impact of physical demands on subsequent
disability pension in the present study may be explained
b yas t r o n gh e a l t h yw o r k e re f f e c t .AD a n i s hs t u d y[ 9 ]
found that high physical demands predicted subsequent
unemployment and early retirement, but were not asso-
ciated with disability pension. Among middle-aged con-
struction workers, low job control and high physical
demands were associated with low self-reported work
ability at baseline, but had limited impact on disability
pension during follow-up [42]. These studies indicate
that workers who experience high physical demands may
seek other solutions than disability pension if they experi-
ence health problems or impaired ability to work.
Conclusion
In conclusion, our study found a substantial unexplained
risk of disability pension among workers in skilled and
unskilled manual occupations compared with workers in
administrative and professional occupations. Although
the majority of the workers in skilled and unskilled
manual occupations reported low job control and high
physical demands, the impact on the gradient in disabil-
ity pension was modest. However, major differences in
work-related exposure between occupational classes,
point to a possible accumulation of hazards among
manual workers that should be taken into account when
interpreting the gradient in disability pension.
Funding
None.
Acknowledgements
The data collection was conducted as part of HUSK (the Hordaland Health
Study 1997-1999) in collaboration with the Norwegian National Health
Screening Service.
Author details
1Department of Public Health and Primary Health Care, University of Bergen,
Kalfarveien 31, NO-5018 Bergen, Norway.
2The Norwegian Institute of Public
Health, Nydalen, N-0403 Oslo, Norway.
3Department of Health Promotion
and Development, University of Bergen, Christiesgt. 13 NO-5020 Bergen,
Norway.
4Department of Sociology, University of Bergen, Rosenbergsgt. 39,
NO-5020 Bergen, Norway.
Authors’ contributions
IH conceived of the study, performed the data analysis, drafted the
manuscript and coordinated the study. AM participated in conceiving the
study, advised the statistical analyses, interpretation of the results and
drafting the manuscript. AKK advised the statistical analyses and revised the
manuscript for important content. HTH revised the manuscript for important
content. JGM participated in conceiving the study, interpretation of the
results and drafting the manuscript. All authors read and approved the final
manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 22 November 2010 Accepted: 30 May 2011
Published: 30 May 2011
References
1. Overland S, Glozier N, Maeland JG, Aaro LE, Mykletun A: Employment
status and perceived health in the Hordaland Health Study (HUSK). BMC
Public Health 2006, 6:219.
2. Gravseth HM, Bjerkedal T, Irgens LM, Aalen OO, Selmer R, Kristensen P: Life
course determinants for early disability pension: a follow-up of Norwegian
men and women born 1967-1976. Eur J Epidemiol 2007, 22:533-543.
3. Bruusgaard D, Smeby L, Claussen B: Education and disability pension: A
stronger association than previously found. Scand J Public Health 2010,
0:1-5.
4. Krokstad S, Johnsen R, Westin S: Social determinants of disability pension:
a 10-year follow-up of 62 000 people in a Norwegian county population.
Int J Epidemiol 2002, 31:1183-1191.
5. Krokstad S, Westin S: Disability in society-medical and non-medical
determinants for disability pension in a Norwegian total county
population study. Soc Sci Med 2004, 58:1837-1848.
6. Hansen HT, Ingebrigtsen T: Social Class and Sickness Absence in Norway.
Acta Sociologica 2008, 51:309-327.
7. Niedhammer I, Chastang JF, David S, Kelleher C: The contribution of
occupational factors to social inequalities in health: Findings from the
national French SUMER survey. Soc Sci Med 2008, 67:1870-1881.
8. Melchior M, Krieger N, Kawachi I, Berkman LF, Niedhammer I, Goldberg M:
Work Factors and Occupational Class Disparities in Sickness Absence:
Findings From the GAZEL Cohort Study. Am J Public Health 2005,
95:1206-1212.
9. Lund T, Iversen L, Poulsen KB: Work Environment Factors, Health, Lifestyle
and Marital Status as Predictors of Job Change and Early Retirement in
Physically Heavy Occupations. Am J Ind Med 2001, 40:161-169.
10. Allebeck P, Mastekaasa A: Swedish Council on Technology Assessment in
Health Care (SBU). Chapter 5. Risk factors for sick leave - general studies.
Scand J Public Health Suppl 2004, 63:49-108.
11. Christensen KB, Feveile H, Labriola M, Lund T: The impact of psychosocial
work environment factors on the risk of disability pension in Denmark.
Eur J Public Health 2008, 18:235-237.
12. Vahtera J, Laine S, Virtanen M, Oksanen T, Koskinen A, Pentti J, Kivimaki M:
Employee control over working times and risk of cause-specific disability
pension: the Finnish Public Sector Study. Occup Environ Med 2009,
67:479-485.
13. Labriola M, Feveile H, Christensen KB, Stroyer J, Lund T: The impact of
ergonomic work environment exposures on the risk of disability
pension: Prospective results from DWECS/DREAM. Ergonomics 2009,
52:1419-122.
14. Gjesdal S, Bratberg E: The role of gender in long-term sickness absence
and transition to permanent disability benefits. Results from a
multiregister based, prospective study in Norway 1990-1995. Eur J Public
Health 2002, 12:180-186.
15. Laine S, Gimeno D, Virtanen M, Oksanen T, Vahtera J, Elovainio M,
Koskinen A, Pentti J, Kivimäki M: Job strain as a predictor of disability
pension: the Finnish Public Sector Study. J Epidemiol Community Health
2009, 63:24-30.
16. Stattin M, Jarvholm B: Occupation, work environment, and disability
pension: A prospective study of construction workers. Scand J Public
Health 2005, 33:84-90.
17. Tuchsen F, Christensen KB, Lund T, Feveile H: A 15-year prospective study
of shift work and disability pension. Occup Environ Med 2008, 65:283-285.
18. Kunst AE, Mackenbach JP: Measuring socioeconomic inequalities in health
WHO, Copenhagen; 1994.
19. Sanne B, Torp S, Mykletun A, Dahl AA: The Swedish Demand Control
Support Questionnaire (DCSQ): Factor structure, item analyses, and
internal consistency in a large population. Scand J Public Health 2005,
33:166-174.
20. Akselsen A, Lien S, Sandsnes T: FD-Trygd dokumentasjonsrapport. Pensjoner.
Grunn- og hjelpestønader. 1992-2001 Rikstrygdeverket [National Insurance
Administration] Oslo; 2003.
Haukenes et al. BMC Public Health 2011, 11:406
http://www.biomedcentral.com/1471-2458/11/406
Page 9 of 1021. Erikson R, Goldthorpe JH, Portocarero L: Intergenerational Class Mobililty
in Three Western European Societies: England, France and Sweden.
British Journal of Sociology 1979, 30:415-441.
22. Cavelaars AE, Kunst AE, Geurts JJM, Helmert U, Lundberg O, Mielck A,
Matheson J, Mizrahi Ar, Mizrahi A, Rasmussen N, Spuhler T, Mackenbach JP:
Morbidity differences by occupational class among men in seven
European countries: an application of the Erikson-Goldthorpe social
class scheme. Int J Epidemiol 1998, 27:222-230.
23. Statistics Norway: Standard Classification of Occupation Oslo/Kongsvinger;
1999.
24. Ganzeboom HBG, Treiman DJ: Internationally Comparable Measures of
Occupational Status for the 1988 International Standard Classification of
Occupations. Social Science Research 1996, 25:201-239.
25. Theorell T, Tsutsumi A, Hallquist J, Reuterwall C, Hogstedt C, Fredlund P,
Emlund N, Johnson JV: Decision Latitude, Job strain, and Myocardial
infarction: A study of Working Men in Stockholm. American Journal of
Public Health 1998, 88:382-388.
26. Karasek R, Theorell T: Healthy Work: Stress, Productivity, and the
Reconstruction of Working Life New York: Basic Books Inc.; 1990.
27. Stock SR, Fernandes R, Delisle A, Vezina N: Reproducibility and validity of
workers’ self-reports of physical work demands. Scand J Work Environ
Health 2005, 31:409-437.
28. Overland S, Glozier N, Henderson M, Maeland JG, Hotopf M, Mykletun A:
Health status before, during and after disability pension award: the
Hordaland Health Study (HUSK). Occup Environ Med 2008, 65:769-773.
29. Knudsen AK, Overland S, Aakvaag HF, Harvey SB, Hotopf M, Mykletun A:
Common mental disorders and disability pension award: seven year
follow-up of the HUSK study. J Psychosom Res 2010, 69:59-67.
30. Ware J jr, Kosinski M, Keller SD: A 12-Item Short-Form Health Survey:
construction of scales and preliminary tests of reliability and validity.
Med Care 1996, 34:220-233.
31. WHO: The ICD-10 Classification of Mental and Behavioral Disorders: Diagnostic
Criteria for research Genova; 1993.
32. Korkeila K, Suominen S, Ahvenainen J, Ojanlatva A, Rautava P, Helenius H,
Koskenvuo M: Non-Response and Related Factors in a Nation-Wide
Health Survey. Eur J Epidemiol 2001, 17:991-999.
33. Knudsen AK, Hotopf M, Skogen JC, Overland S, Mykletun A: The Health
Status of Nonparticipants in a Population-based Health Study: The
Hordaland Health Study. Am J Epidemiol 2010, 172(11):1306-14.
34. Oesch D: Labour market trends and the Goldthorpe class schema: A
conceptual reassessment. Swiss Journal of Sociology 2003, 29:241-262.
35. Haas SA: Health Selection and the Process of Social Stratification: The
Effect of Childhood Health on Socioeconomic Attainment. J Health Soc
Behav 2006, 47:339-354.
36. Elstad JI, Krokstad S: Social causation, health-selective mobility, and the
reproduction of socioeconomic health inequalities over time: panel
study of adult men. Soc Sci Med 2003, 57:1475-1489.
37. Bartley M, Plewis I: Increasing social mobility: an effective policy to
reduce health inequalitites. J R Statist Soc A 2007, 170:469-481.
38. Stattin M: Retirement on grounds of ill health. Occup Environ Med 2005,
62:135-140.
39. Krokstad S, Westin S: Health inequalities by socioeconomic status among
men in the Nord-Trondelag Health Study, Norway. Scand J Public Health
2002, 30:113-124.
40. Friis K, Ekholm O, Hundrup YA: The relationship between lifestyle,
working environment, socio-demographic factors and expulsion from
the labour market due to disability pension among nurses. Scand J
Caring Sci 2008, 22:241-248.
41. Albertsen K, Lund T, Christensen KB, Kristensen TS, Villadsen E: Predictors of
disability pension over a 10-year period for men and women. Scand J
Public Health 2007, 35:78-85.
42. Alavinia SM, de Boer AG, van Duivenbooden JC, Frings-Dresen MH,
Burdorf A: Determinants of work ability and its predictive value for
disability. Occup Med 2009, 59:32-37.
43. Hagen KB, Tambs K, Bjerkedal T: A Prospective Cohort Study of Risk
Factors for Disability Retirement because of Back Pain in the General
Working Population. Spine 2002, 27:1790-1796.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2458/11/406/prepub
doi:10.1186/1471-2458-11-406
Cite this article as: Haukenes et al.: Disability pension by occupational
class - the impact of work-related factors: The Hordaland Health Study
Cohort. BMC Public Health 2011 11:406.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Haukenes et al. BMC Public Health 2011, 11:406
http://www.biomedcentral.com/1471-2458/11/406
Page 10 of 10